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° Area of circle EE Ta 

e Area of square side x side 

e Area of rectangle = length * width 
(6o Area of sphere Anr 

e Area of cube 6  Xareaofface =6S’ 
.2) Volume (m?) | p rn 

e Volume of cube side x side x side. 

e Volume of cuboid length x width x height. 


e Volume of cylinder = base area x height = x xh 


&) Volume of sphere = x r 


E) Circumference (perimeter) (m) 

e Circumference of square 4 x side. 

e Circumference of rectangle = 2 (length + width) 
° Sicumierence of circle - 


5)Pressure (P)- E - Mac 
Area ~ Area 


7)Density = "Mas M 
Volume V 


ol 
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p a B at cons. (C) and (D) | 
eAa C at cons. (B) and(D) 
«Aa 5 at cons. (B) and (C) 


A A 


Curve ( inversely )D 


RR line B directly Ys 
Slope = A + */p = AD =k 


e [A=BC+D] 


e Slope 
AA Lc 
AB 
e The portion which is cut from y axis = D 


e The portion which is cut from y axis = D 


e [A+B = Constant] 


Constant os 


onstant A Cofstant B 
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uw Max. no. 200 
max. no. 2000 
. max. no. 40 
divible by 5 
max. no. 4 
Odd scale 33.5: Y 


'8) Units: m 
Deci GY o y 
Centi («© Small unit $T large | Unit 


Milli — (^ cd 


Micro (+) Cm 1072 m Length 


Nano © sedo 
Pico P Cm € m? Area 


Femto\*! ao? 
Cm 10*$ m? Volume 


. o 
m? — litre — > em? 
1077? 


antgstrom = c m 


Ln 


X 9.8 y N 


An a yom 
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Chapter (1) : Wave motion | 
Vol (be Ue Mes 
e It is disturbance that e eer and transfer energy along its direction 


of propagetion . 
Tyepe of waves : 


Mechanical waves: 
« To produce mechanical waves there must be: 


Mrd ront m mti tA íi s a TIPS Irem 


(2) D Disturbance that can be tanstened. from source to the medium 
(3) Medium that carries the disturbance, [vibration] 
lès of Vibrating 
Examples ibrating sources : 
1- Simple pendulum . 
2- Prong of vibrating tuning fork . 
3-, Vibrating stretched wire . 


4- A bob held in spiral spring ( yoyo). « q p ) 
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Definitions to describe vibrational motion: 
A1) Displacement (meter): 


e It is the distance between the position of the vibrating body at, ty any instance. 
and its position of rest. SES 


A2) Amplitude (meter) JAS 


T itis the maximum displacement for the vibrating body . 
E It is the distance between two points on its path where its velocity at one point 
is maximum ‘and at the other point is zero. dcc 


45) Complete vibration (Wave form]: — 


e It is prodused when the vibratin body passes by a fixed point on its path tw two) 
Successive timesiin £ [ ne direction; (it contains : 4 į amplitudes). 


Adj The period (x) (t= to ) (sec = Hz?) 
e Itis the time « of one complete vibration ( oscillation ) . . 
e It is the time taken by a vibrating body to pass a fixed point two successive 
times in the same direction. 


AS) The frequency : (v) (v = 14) [Hz =sec 4] A 


e Itisthe number of c complete v vibrations (oscillation ) in one second 
No wena Te one Secon 


Mechanical waves : 


A tengitudinat Wave 


' A transverse wave 
i Moergy transar. 


Erpgy tranutor 
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Wave length (A) 


ve It is the distance between cessive points having the same phase ( same 


direction and velocity " displacement " ) 


Displacement 


æ om oe mp Periodic time «4 — — 7 
Or À 


Or distance 
in m 


0.2 


Complete 
- => vibration 


am ae wm P 


N« ^ dX tenet c 


Slope =— =v 
: im 


À 
ey Ce" sk (N ) 


Wati a constant ( v ) Per Ws i 

V. A, Slope = yY + 2 = VA i 

NE = 2 Slope =v | 
Y = -2 at constant ( V) A, M | 
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Cuz) — sec An ^ 
Hz Cd Ese perlodic time Iac p XE m(wavelength ) 


"frequancy 


- No. of waves "^x o£. Weve M d 
time in sec. 
We Saale wove I! poy — 
total distance _ Total time 


2) No. of waves = 1 


., Total distance _ 
total time 


Note: 1)Same source (vibrator) ~. v constant Va A (two medium) XY 
2 2 
l V A 
2) Same medium -. V constant SUO — ——— 
À v, A 
e Amplitude = 2 cm = 0.02 m 
; Displacement (cm) 
p P: of wave _ 0.5 == 50Hz 
timeinsec 10x10 
e 24s 5x10? 1 A=5x107x2=01m 2 
1 
Be: 2 DX -2 Time 
e pets, “.T=2x10% =0,02sec 0 5 10 (millisecond) 
5 > 5m e-~ 
y= p S =5m/s 
t | 10x10 


e Or V=Av=50%*0.1=5 m/s 


From the fig. find : 
1) A 2)v 3) 


4)T 5) velocity . 6) complete vibration 


Complete Vibration =4A = 4 x 0.02 = 0.08 
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What is meant by : 
1- Crest 
2- Trough 
3- Compression 
4- Rarefaction 
5- Distance between first crest and tenth crest - 180 cm 
6- Time between 1" crest and tenth crest = 18 sec. 
7- Distance between 2™ crest and 5" trough = 35 cm . 
8- Time between 2™ trough and st crest = 0.5 sec. 
9- Distance between 2™ compression and 4" rarefaction = 0.5 m. 

Write scientific term : A 
1- Distance between 2 successive crest and trough . 2. Z of ans ve (se. 


vu» eM €. 


2- Distance between the centers of successive B HE and rarefaction . I ó 


4- The length of compression or rarefaction. \ soJe (e oj 
Answer what is meant by : 4 
1- Crest 
Maximum dba pio upw wardina transverse wave ( +ve direction ) 
2- Trough ^ 
Maximum displacement dowiwadi in a transverse wave ( -ve direction ) 
3- Compression to Lath 
It is the region in which particles of medium are too close other in 
longitudinal wave . ~ 
4- Rarefaction — i 
It is the region in which particles of medium are too far each other in 
longitudinal wave . TUS 
5- Distance between first crest and tenth crest = 180 cm 
no. of waves = 10 - 1 = 9 waves 
9 À = 180 cm 
À = 20 cm 
Distance between 2 successive crests or troughs is 20 cm. 
6- Time between 1“ crest and tenth crest = 1.8 S. 
no. of waves = 10 — 1 = 9 waves 
9T= 1.8 sec 
T= 0.2 sec 
time of one complete vibration is 0.2 sec. 
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3- The length of compression and rarefaction. wawe (e^o of vt «deos. 


7- Distance between 2™ crest and 5" trough = 35cm. 


no. of waves = (5— 2) 4 0.5 = 3.5 waves 
3.51 = 3.5 cm 
À = 10 cm 


distance between 2 successive crests or troughs is 10 cm 


8- Time between 2” trough and st crest = 0.5 sec. 


no. of waves = (5 - 2)-0.5 = 2.5 waves 
2.57 =0.5 sec 

T =0.2 sec 

Time of 1 complete vibration is 0.2 sec. 


9- Distance between 2™ compression and 4" rarefaction = 0.5 m. 


no. of waves = (4-2)+0.5 = 2.5 waves 
2.51 =0.5 m 
20.2m 


Longitudinal waves 


*EXp: 
1- Pull the mass (m) to the right distance (x =A) 


obs: 


2- Part of the spring to the right of A is compressed 
3-this compression is transmitted successively to 
the right 


4- Pull the mass(m) to the position (x = -A) 

5- the spring to the right of the mass 
(m) elongates forming a rarefaction 
which spreads to the right i 

6- When the mass (m) goes back to | 
the rest position [x = 0] the 
successive compression and 
rarefactions form a longitudinal 
wave preformed by particles of medium . 


Explain an Exp. to demonstrate longitudinal wave 
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Wave Motion 


4——— —— Particle Motion 


| 10 


aux : X 


NNN 
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Transverse waves 


e When the mass (m) performs a 
simple harmonic motion in the 
vertical direction. 


Obs. : 


e The near end of the rope performs the same motion consequently 
the following parts of the rope do the same thing the motion transfers 
horizontally along the rope in the form of a wave called transverse wave. 


S waves are transverse waves 
T a Xe - Ti 


e The parts of the rope oscillate vertically in simple harmonic motion about their 
rest positions. 


e Explain an Exp. to demonstrate transverse wave 


Note: 
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Questions Chapter (1): Wave 


SW Weansubant ibis rie a PLA mene eb ESSE intct EEE EER EL LOR EEEE ] 


1) Define 


Wave 

aAishurborntCe.. ek. of Qusple.. LG)... Gane... eas ee deu 
mong. mdi echo. d. {Nef Sese kiero. msn 

Transverse Wave 

fastis les... ~ 3 48. WUNDERS. (eroe d m a 
E De NN qd (fele. Qs Nast. 


Longitudinal Wave 


Rahela. SS noe. d anam... |o ens. tet Mae os aisect aN. 
SAMAL. RERAN. 


Wavelength 

a st v Aus Ai MEELA HE uv dS cR LASS, is tss. me i 
Ae. poe NS A Mg 

^ Complete: 


a) Displacement is _aistance,.vactween. he. Bost sif)... nd d 
—— € ER usb oz 


b) Amplitude of gseilation iS sn Ren MVS KANSAS Sis ossa 


c) Complete oscillation is .....SN. Re: used, eee , So ws 
E AC ed. (aal. X939. DALLE SSC DU R nog cot RS Qa 


d. e. M 
d) Periodic time AI d ei MEE 


e) Frequency i55 Noe Col complete Sve on... ose... 
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3) Essay question: 


Q Deduce the relation between frequency, wavelength and velocity of wave 
A 
[4^ 


| 2jpropagation. 

of eli bae ee _Neleocity.= Ao anti... XL XR BANCA... NS mas bod TR 
ee EU E MEE 
deeds KS pes X. ECTS SSMO s 


pres ttes eoo 
EM S: Se. MC eii Ne. £u T" 


4) Put a tick sign (Y) next to the right choice in the following: 


1) The relation between the velocity of propagation of the waves ty" in a medium 
, its frequency and wavelength is: 


NL A x: b)V- V/A . 


c) V= 2 none (there is no correct answer) 


2) Transverse waves are waves consisting of: 
*a) Compressions and rarefactions 
XB) Crests and troughs 


Æ Crests and troughs, where the particles of the medium move short distances 
about their equilibrium positions in a direction perpendicular to the. direction 
of propagation. 

xd) Compressions and rarefactions, where the particles of the medium move: short 
distances about their equilibrium positions along the direction of propagation 
of the wave. 

3) If the wavelength of a sound wave produced by an audio (sound producing) 
source is(Q.5 m, the frequency is 666 Hz ,then the velocity of propagation of 


sound in air is: oe A Ts ^ 
a)338m/s (b)333 m; m/s. c)330m/s d)346m/s SERA OV IGG 
4) If the velocity of sound in air is 340 m/s} for a sound of frequency (tone)225 H2) 
the wavelength(m) is: | qs 3s m/s. 
a) 4/3 b) 3/4 9m Q a 
i SE td ECT 
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5) Light of wavelength 6000A°(1A°=10 39m) propagates in space at velocity 300x10? ‘vl be 


its frequency is: aes z y. a Foo H * 
^ PERMOTI : 
(a) Ax 10? Hz (b) 4 x 10™ Hz (9 5x10^Hz (d)5x107Hz = z, |" 
eR Wye D He. 


6) Two waves whose frequencies are 256 Hz Hz and 512 Hz propagate in a certain 
medium, the ratio between their wavelengths i is 


(a)2/a. 


d) 1/3 


256 3 512 


1) From the fig. find: 


‘1. Periodic time. 2o x vo^? sec 


2. Frequency... - SALIRA 


If the displacement is drawn with 
ratio A: 5 and the distance is drawn 


with’ ratio 2.250 find : 


Distance (cm). 


1. The wave length (A) 

2. Velocity of propagation (V). 
3. Amplitude (A). 

4. The distance (ab) rRe eme m and equals ... BUE NN. 
5 


. The two points a ib are \... While the two points a.c. are eure? (2 hase 


I ero A9. X... m os Mol SB Qo "RR 


"ML""-"-"-"-L"-"--I---———————————P—————Ó€ÓÓ ERES ERES ELTETTEDRLLIEEE LEER 
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2) A train emits sound of wavelength 0.8 m 0.8 m and frequency 400 Hz find the velocity 
of sound in air. 


ER TIER e gis 39e. m à Ste... E dd 


m—— ——————————————— PEE EEEEERETEEEEEETEE EELEETTETE E 


" 
3) The number of water waves passing a certain point on its path through 2 sec. Is 
12 waves each of wave length 0.1m. calculate the wave velocity in water. 


Mec ot WON? S AQ. 


4) The light wave velocity in space is 3X10° km/s given that the wave length of the 
green light is 5500 A find the frequency of green light. 


eres N UR a TOME EDICION hl m o we 
SPENCER acs chee a a a cc e EE aa UR rt E TE 229 oo. X. ia" 
SX WX som Ba BT s 22. 


dee ans canons P ee ed 
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5) A broadcasting station sends electromagnetic waves with wave length 5 cm to 
a radio set at 3 km apart given that the velocity of electromagnetic waves is 
3X 10° m/s find: m 


a. The frequency of the: wave. b. The time taken by the wave to reach the set. 


eee 


c. No. of complete waves between the station and the set. : 


x NR OAM c o B Kt s tl 
axe "m P NEMPE E a E 


m 


E NNMMNNMNAMM 


INTE 


N e se uode. n o. M en Ee SRI YT So es 
6) A transverse wave has a frequency 42 Hz and the distance between the first and 
the tenth crest is 135.cm find the wave velocity. 
2. £42. Mt 


NE OSEE MS. x Qos es 3. XM. oe es Nass. AMA. 2 
manm ERR dd Nm MD. xis Mus 
Nomen MG m 


ADU an OGD AED DARADAOREASCGONEDOAONDEBAGNGEOAGDGOSIESGEDEAOAD AES EOFASIDELAADORIOGO OSD OSEOEEEEDAGLDOD EUDAEDOEEGBSOSGOODASDGEEGESELEDAOEEDOSO DEAE OH EESSEDASESCOHSE GAL ADOSEATOOOTLES SOU DDLGSEANAESCSING USD OGGALS HOO U OI ODO RELLEGSEDUNDAEEUGOEAD UAT UNL EEG EDREGT 


7) Water waves-covers 600 m through 2 minutes and the distance occupied by 5 
complete waves if 0.5 m find: a. The no. of complete waves occupies 5 m. 


b. The frequency of the wave. 
TE E Stns DOS DEA eS a 
ih mL MAMAS o See 


nm—————— REEL 
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8) Audible sounds are that of frequency between 20 to 20.000 Hz given that the 
velocity of sound in air = 340 m/s-find maximum 1 and minimum wave length of 


CO ee 
se "e 


audible sounds. 
em on aoso He 


WM Ea Aio. vs /3 


ANNUM SE 


207 


9) A straight vibrator causes water ripples to travel across a surface of a shallow 
tank the waves travel a distance 33 cm in 1.5 sec and the distance between 
2 successive wave crests is 4 cm find the frequency of the vibrator. 


ux me zs 


SESE GEE TT ITs 


Mr. Terak Hosny 


10) The following diagram represents a simple 
pendulum.It produces : 100 vibrations in 5 sec find : 


AAU 


ráj The frequency. B]The amplitude. Semplehe , 


c) The periodic time. d) velocity of wave. Vin aon 


ET- 
a) A m EEEEEDYEIEL vD——-—E ER waldo. m4 MOMS. S..... EIS MODA 


23 EC judecaia 2016 trust cem da umm 
ro) O- E 5 


“Nps vee UNE loo 


Hi 


Eom aB 360... 


eds XSL Ay e 
11) Two waves their frequencies 512, 256 Hz respectively propagate in a certain 
medium find the ratio between their wavelengths. 


ir AY WAS Roe ue label ior YY lob. P mm LDO. 
KON MMNNNQMNMMMNMMMMI 


mO—————————————————————————— TP 
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Questions - Student self evaluation guide 


Chapter one 


First: Multiple choice questions: 
The questions in this group are followed by several proposed answers, 
Select the best answer for each question: 


1- A girl on the beach watching water waves ,sees 4 waves passes in 2 


—_ — tic 25 [ec 
seconds, each with a wavelength of 0.5 m the speed of the wave is A = OES m 
a) 0.25 m/s b) 0.5 m/s ed 
s ex 4 9 
©) 1.0 m/s __ d) 0.2 ms 4. A 
f a, ere ie 
e) 4.0 m/s MENS =f] A m/s 


2-A pendulum oscillates in a simple harmonic motion as represented by the 


figure below. The frequency of the pendulum is: 


displacement (m) Dus NS atone . \ 2 
H= ob HE 
; time (seconds) 
a) 3 Hz b) 2 Hz 
c) 1Hz (d)0.5 Hz | - 
e) 0.33 Hz : 
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Questions (3-4): 


The figure below represents a wave drawn exactly to scale 


b)3cm 
| d)6ócm 
„~ ^ The frequency of this wave is i 
a) 100 Hz b) 125 Hz N 
c) 250 Hz d) 500 Hz 


5- Sound is an example of: 
a) clectromagnetic wave, (ÇP) longitudinal wave 
C) transverse wave. d) circular wave 


6- The wave on a lake causes a buoy to oscillate up and down 90 times per 


minute, The frequency of the waves in hertz is Ms P asd = P" 
im om PL a 
c)1.5 Hz d) 0.6 Hz PS 
80.67 Hz | : Rr 
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Questions (7-8): 
The figure below represents a wave propagating along a string with speed 
of 330 m/s MIE. aS 


v 2^ 
displacement (cm) Q M 
` TET ` 5 Dez \ oO X Ao 
*lem LÉo.colu 
distance(cm) T 
A> TROT ws. 
Ny. . 439 
"Fem E d a yid 
7- The frequency of the wave is 
a) 1280 Hz b) 640 Hz 
c) 320 Hz (d)8250 Hz. 
e) 400 Hz 
8- The amplitude of the wave is 
b) 2cm 
d) 8 cm 


e) 16 cm 


v^ 9- Which point in the wave shown in the below diagram is in phase with 
oint A 7 ome Ass lace - 
j (ho DE] some hen 


[a Ao Kame OWecld^ 
TE] same dec 
PIS epit Se 


f. ` ase 
aE 5B o)C (9o gg BE "f? 
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Question (10-11): 
The following figure represents a wave motion 
displacement (em) 


Im timetsec) 


10- The amplitude of this wave is 


0.5 m b) Im c)2m d)4 m | e)óm 
11- The frequency of this wave is Meo wane E E 


i 
)2H; — t)4Hz  (gsH. — dOAHz  c02Hz 


12- Dolphins can communicate by emitting sound of frequency 150000 Hz. 


pd 


If the speed of sound in water is 1500 m/s the wavelength of these sounds ES 
will be: OS TD | b oso 


a)10m — bm c)0.1 m e) 0.001 m 


13- Which of the following longitudinal wave? 


a) Infra red radiation b) Gamma radiation 
(c) Sound waves in air c) Radio wave in space 


` 


c) Light waves 
14- The curve OPQRS below represents a wave of frequency 50 Hz. What is 


e. Wo ta X GI 


the time interval between points O and P... ise ar ME 
2 l 
a) — s b)— s 
) 25 as 
J 1 
C) == $ d) — s 
} 50 ) 100 
e) ZR 5 
200 
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15- When the frequency of a wave motion decreases: 


l (ay Wavclength is incrcased b) Wavelength is decreased 
rr 
c) Speed is decreased d) Speed is increased 


c) Wavelength is decreased and speed is increased 
]6- The ball of a simple pendulum 
pulled aside, and then left to move 
freely. It takes 5 sec.to move 


between two point X and Y, then 


the frequency of vibration will be: 


a) 50 Hz b) 10Hz c)5Hz d).0.2 Hz Cus 


17- What kind of these waves can transfer in space? 


(2) Light waves b) Sound waves ` c) Water waves 


d) The wave produced in tension string 
Questions (18-20): 
The figure represents a longitudinal wave moving through water in a glass 
tank of length 9 m. The frequency of the wave is 500 Hz 


"EST 


18- This wave could be which of the following types of waves? 


a) visible light b) radio wave 
C) micro wave (6) sound wave 
C) x- ray 
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19- What is the wavelength of the longitudinal wave? 


a)l.5m (035m. c)ó$m  djióm . c)l8m 


20- The speed of the wave is most nearly 


a) 500 m/s b) 750 m/s 
1500 m/s d) 3000 m/s 
c) 4500 m/s 


Second: structure questions: 
1- consider the following diagram of a waves 


displacement (m) 


distance(m) 


a) The wavelength of the wave Enti ar uU. T E 
b) The amplitude of the wave —........0. 0 0. 4... sss em i d 
If the speed of the wave is 12 is Ui nna at. i " 
c) The frequency of this wave =. uu cM We, f 
d) The period of the wave =... AR RS eee T À8 


2-The given figure show a relation between the displacement in meter and 


time in seconds for transverse wave. From this figure find; 


displacement(m) 


time(s). 
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i ee e a. 


ES ; 4 
l- The amplitude = .. ilis PM h N: I awn 
UE (i ~ OAR 
2- The wavelength mme mo Ay 
LAG z UR Lore 
; | du aS 
3- The frequency —......... QS NNUS Hz i 
4- The periodic time = CS Since 
ALAS . 
5- The number of the waves c...» 5... waves. 
6- The distance between A and B -........A 9... m. 
and the number of the waves in this distance Be odes a iod ,. Waves. 
7- The wave velocity = ......19.2...... ns 


Third: Short Essay questions: 
1- Define cach of the following: 
The transverse wave - The longitudinal wave — The amplitude — The complete 
vibration ^ The periodic time - The frequency — Electromagnetic wave. 
3- What is meant by? 
a) The wavelength of water waves = 0.4 m 
b) The wavelength of sound waves = 1.6 m 
c) A body is doing 1200 complete vibration in one minute 
f The distance between first and third crest in transverse wave = 20 cm 
¢) The periodic time for a vibrating body = 0.02s 
f) The amplitude of a vibrating motion = 6 cm 
g) The speed of a wave = 1.5 m/s 
h) In a transverse wave, the distance between two successive crest and 
trough -20cm odi 
Fourth: Problems: . 
1- An oscillating body of frequency 960 Hz, find the number of waves formed 
until the oscillations rcach a person standing at distance 100 meters from the 


Mata ah e n ra 


source (Velocity of sound 320 m/sec) — [1/3 m, 300 waves] 
2- Calculate the frequency of wireless wave of velocity 33 x 10° m/sec, and wave 
length 40m. — | | Ne RE to 5. /See [7.5 x 105 Hz) 
NJ. 29 6 z (^ 
Le X - w J5 Klo Hz aU, 
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3. Wireless station emits waves of velocity 3 x 1o" nysec, towards a satellite 


alter 0.03 second the same station reccive the waves using a radar. Calculate 


the distance between the station and satellite. - [4.5 x 10° Km] 
4- A transverse wave propagates through a string with velocity 600 m/sec. If the 


TU tN: e reU E Sey 


distance between two successive crests is 3 meters, Find the frequency of 
ALTA 


Mare eR A AERO Pt Vet ca ZUM 


Dd 


such wave. E [200 Hz] 

5- An oscillating source of frequency 100 Hz. Find the time between the passage 
of the first crest and the 20" one thr through a point in the direction of 
propagation of the wave. | [0.19 sec] 

6- A wave generator produces 16 pulses in 4 sec. l'ind the frequency and its 
periodic time. — l [0.25 sec, 4 Hz] 

7- A train stops in station d — a sound with frequency = 300 Hz. If a man 
is stopping at a distance = 0.99 Km, from thc train hears the sound after 3 
scc. From the beginning of the sound. Calculate the wavelength of this 
sound. [1.1 m] 

8- If 15 waves per minute pass by a man stopping at thc end of a stone in the sca 
and he observes that cach wave occupies a distance = 9 m. Find the 
following: Period — frequency — wavelength — speed of waves 

9- Sound wave with frequency 1.1 K Hz. If it is known that the speed of sound 
in air = 330m/s. Calculate the wavelength of this wave in air. [0.3 m] 

10- Calculate the wavelength of a sound wave propagated in water with the 
frequency 700 Hz. Knowing that the speed of sound in water is 1.4 Km. ` 

[2 m] 


11- A simple pendulum makes 1200 complete vibrations in a minute. In each 
complete vibration it cuts a distance of 20 cm. Calculate: 
a) The amplitude of the vibration of the pendulum 
b) The frequency 
c) Periodic time E [5 cm, 20 Hz, 0,05 sec] 
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_ Chapter (2): Light a as a wave Motion | 


aE SAT na sc vag aad si 


OE IRIS: 


Introduction: SA» de 


Light travels in all directions in straight lines: The evidence for that is the 
formation of umbra and penumbra. 
Ó—— M. 


G.R.: light is a wave motion 
Because light reflects, Refracts interfere and diffracts,so it has the same general 
properties: às Wave, — | 
G.R:: Light does not require a medium to propagate. why? 
Because it consists of vibrating | electric field and magnetic field al to each others 
l “and to wave p propagation .. veu 

* Light is a part of an extensive range, of waves called electromagnetic waves 
which: . | | | | .-— ~~ 

1) Travel at constant speed in i space(3x10" m/se°) 

2) They have different, 0) and (QQ). Crequencss = oso el eu at 

3) They all transverse e ectr omagnetic waves . 


4) There is no sharp limit! between them. 
VINCULA oman aa arte ion Bm asm itte SER Orr OTT et + 
Dh f£ 


E ET 


— 


vibrating 


Increasing wovelength ———-——— M — M 


0.0001 nm 0.01 nm 10 nm 1000 nm  O.0! cm lcm 
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Electromagnetic waves : 


Similarities 


1- All of them are transverse wave 
(eee EE), 

2- Have constant speed 3x10*m/sec in Fr Frequency (v) 

space and air. e MORE RS 


Reflection and refraction . | 
Jeb ge- 


e Ifa Tay, of light falls on an interface that separates two transparent media . 

° A portion of that ray reflects in the first t medium and the other portion of the 
ray refract i in the second me medium . ; 

1) Reflection of light : 


Incident ray (1): It is the ray that falls on the 
reflecting surface . 


Reflected ray (2): It is the ray that reflects from 
the reflecting surface . 


The angle of incidence(3): It is the angle 
between the incident ray and the normal. 


Angle of reflection (4) : It is the angle between 
the reflected ray and the normal. 


The two laws of reflection : 


1) The angle of f incidence i is equal to the angle of reflection 


2) The incident light ray , the reflected ray and the nor mal all lie inne plana to 


30° 
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The refracted ray : 


Incident ray air 
It is the ray passes through bu 
the second medium . "^u 


1* medium 


Reflected ray 


, 1* medium (air 
The angle of refraction: n 
It is the angle between the 
refracted ray and the normal to 
the separating surface . 


2"? medium glass Angle of refraction 


Refracted ray 


4 NN Emergent ray 


The two laws of refraction: 


aj The. ratio between the sine o f incidence to sine the angle of 


. refraction is cons: constant andi is TRUE as the relative refractive index between 


M 


Un 


av 


sin 0 J 
2) The incident light ray and .the refracted light ı ray and the normal to the 
. surface of separation all li liei in one plane x: to the surface of separation . 


Ca. R. F. 7 
fa Light refract when passing from medium to another . 


remm mi ir ana A 


sol. due to difference in velocity & optical density from medium to another . 


rd 


Æ The perpendicular r ray shows no refraction ( passes in straight line). 


Sol . Bec. Angle of incidence - angle of refraction = zero. 


V The bottom of swimming pool appears higher 


aa a spoon in glass of water seems to be broken . 


. due to light refraction when passing from medium to anothey so we see at 


a The L Ray reflect on it self . 
sol. Angle ¢ of incidence = angle of (en echon equat zero. 


/* 6- Light refracts ; between two media. 


sol . due to change in the velocity of light in the two media so that : 
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KA ti is s ability of the paris 9 end refract light rays when they pass through it. 
wn P atoae RR 
° e Velocity of light in space (C = 3 x 10° m/s ) is greater than velocity of light in any 
other medium . 
o n -£ when light ray passes from air to any other medium ( n ) is called absolute 


e 


refractive index of the medium. 


: The absolute refractive index of any medium is greater than one. 


Velocity of light in n ir is greater than any other medium . 


atte 


verre 


ONY noah we 


« When light ray passes from air two different media . 


P r4 
x e c TENIS mn oc. ec. 
. oo tla 7m ES Th =e BOUM uM at 
fo X ` V bm V, n, V3 V4 
Y ? Áo. TO Mm s l 
wi nw M a "com (4 Sind X, , 
4 uic 0 hg = — mo —— I zo—L 
n, 2 4 Va Sin 0 À 


P 
Define : The relative refractive index between two media . 
M 


It is the ratio between the absolute refractive index of the second medium 
to that of the first mediüii: ^^^ 

P It is the ratio between the velocity of light in the first medium to that in the 
second medium. 

we It is the ratio between sine the angle of incidence in the first medium to sine 
the angle of refraction in the second medium . 


p 


ie cn, Sing = = n, “Sind Snell's law 


vs a eee 


Snell's law : 
The absolute refractive index for the medium of incidence time the sine of the. 


t ntt 


angle of incidence is equal to the: absolute refractive index of medium of refraction 
times the sine of the angle of refraction . 
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M LT ncm = puro 


n C Sin Q À 
n = medum p = ee ee EEA E 1 
air ‘medium medium V Sing Amedium 


air medium 


N, —> relative refraction index from medium one to two . 


n 


n, — absolute refraction index of 27 medium 


medium ~ 


pp UNIS 


refracts aw 
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1) glass " water 


2) water N glass 


fale P 
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Interference of Light 
Double slite experiment by Thomas young. 


Ne Front 


LA 
y 


ba 
at 


2 
i 
E 


3 


3) These double slits act as two coherent sources that means they emit waves 
having the same frequency , amplitude and are in phase ( same velocity and 
n ea rr or remet M i —Ó M 


m e 
direction ) they are cohererit . m 
4) On the third screen the waves from the S, and S; are superposed accordingly 


an interference pattern occurs as extender illuminated and dark regions 
em — > at camel GETTIN Aa OOP RTOS ng 


called (interference fringes). cp 
AE NOE UT RSet 
Oistewe CONT 9 XP : 
* Ay:isthe spacing betweenltwo successive similar firings. (RS 
x J wave length of monochromatic light a: Single row re test, Am eS | 
^R : is the distance between th o slits (2" screen) and the third screen. 


observation screen ) p bs 
D CAUCA) 


pd d : The distance separating the two slits. Such experiment can be sued to 
determine the wave length of mono-chromatic light: 


NY 


E 


Mr. Tarek Hosny 


G R. 
) The central fringe is bright 


f Peo the path difference equal zero. 
í S amatra obe SNE EUa ZETO: 


Interference becomes clearly by increasing (R) or decreasing (d) . 
À R f rd ^ fena RESI 


eV UP 


e Ay aR , Aya — 


xo Diffraction of Light : 


1) It is a wave phenomenon results from the change of 
light direction when it passes through a suitolile slit or 


sharp edge. 
2) This phenomenon is produced from the superposition 
9 of waves and formation of illuminated and dark 
l fringes. 


3) There is not essential difference between mechanism 
of interference and that of diffraction. 

4) Diffraction is evident when the wavelength of wave is 
comparable to the dimension of the aperture. 

5) Diffraction is the interference of secondary wavelets from different points in 
the slit. 


What is meant by : 
1- Wave front : it is a surface in which all points are in phase . 


in phase. Solar 
ER- Light interferences : supper position of two coherent waves having the same v, 


A in phase as a result illuminated and dark re ions are formed on a screen n calles 
interference fringes. ee T 


' Mention an application : e; $^! 


1- Double slit experiment Thoma young (exp.) 
interference. 


@To ) determine | wavelength of f monochromatic light source . 
2- Double slits in Thomas young (exp.) 
t —ÀÀ—MÀÁ A tnt tata —À MM 
act as coherent sources . 
3- Coherent sources . 


e Emits waves having same frequency , amplitude and are phase 
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Scientific idea of : 

Double slits in Thomas young (exp.) 
o All points on wave front are in phase and light interference . 

G.R.:- 

Light is a wave Motion : 

o Propagates in straight lines. 

Reflects according to laws of reflection. 

Refracts according to laws of refraction. 

Light interferes and as a result light intensity increases in certain position 

(bright fringes) and diminishes to zero in other position (dark .fringes). 

Light diffracts if obstructed by obstacle 


Airy's disk : 


It is the central bright fring due to diffraction through circular aperture. 


© 


Mr. Tarek Hosny 33 


"E EST opening NEN A 


It's easy to obsenve sound diff. in our daily life but , it impossible to observe light 
diffraction . 


(Ck sound.is-n & sound is-much greater t! than 2 light so it “easily to find an ‘opening | has. dimension ension| 
\ comparable v with sound but its impossible to find it Sn with a light . 


poses v 


ee dense medium 


T Bo vat seviotien 


pot 
reflected ray 


7 id 


Denser medium 


e When a light ray passes from denser optical medium (water-glass) 
to a less dense medium (Air). It refracts away, from the normal. 


By increasing (6) (9) increases until (9) equal 90 (when the ray emerges parallel 
to the separating surface). In this case() is called critical angle (oc) . 


D 
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o By eds Senll's law. 
n, sing -n; sin O 

e n, sind, = n; sin90 

e n sind: =n 


e 


In general 


* N denser sind. = N less denser SiN 90 


* N denser sind, = N less denser 


sin ¢,= T. tessdenso. 


n denser 


If the less dense medium is air n=1 


l Po dn * 

" e n 4 à NI 
Sos n e. Sing, E 

If the angle of incidence in the denser medium exceeds the critical 

angle the light ray does not pass to the less dense medium at all, but 


it is totally reflected within the denser medium. 


Notes : 
hn) L ray 
b= 0-0 


Passes without deviation 


Less denser 


Denser 


Less denser 


72) 9 
Refract a way Nu 
: Ad en TN The 
0» (et feCt oux os vxo TES b Denser 


B “anol viol, fork 
ch 


m 
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Less denser 


p 89-4. , 0-90 


Refracted ray // to separating surface 


Grazing ray : ( ray which coincides reflecting surface when $74). 


It is the ray which is refracted tangent to the surface when angle of incident 


enser medium = ae Ce aga fine SAT CI oer eee 


Less denser 


VA > 


ray totally reflected in the same medium Denser« 0| 6 


What is meant by : 


1) (óc Jalass = 42° 
42° is the angle of incidence in glass that corresponding to angle of refraction in air 
is 90°. 


2) (o. water = 
MS. vac mum n E ME AD. Dote C. Fes. (es atidiag 


dec a ta. Cien. sS OS. o... 

see of 

3) critical angle between glass and. water = 63° — 
63? is the angle incidence in glass that Cof. (€. sponding.. Te.. AYIL. n4 yL A tac A 
in NC Y v5 $^ M 
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Applications for totally reflection 
1-Optical fibres: 


Total internat Reflection 
: inner Core: 


with high refractive index 


(uh 
i 
i 
i 
j 


Light 


Tm ote N 
G.R. . 

ə A bundle made of thousands of fibres (optical fibre) may be used in 
the  transportin of light, energy in medical examination examination and 
treatment because the ray of light whi hich enters the tube suffers. 
Successive reflections, because The angle of incidence is greater than 


the critical angle. i XX evel QC Com We othe” side 


RE 
e Itis a thread like tube of tansparent material. 
e Fibers can be used to transmit light without much losses. - "Ng 
Mnt ei IMBAL Hop nn ri genti on mabe cd d orcas 
ə They are used in medical examination E.g.cendoscopes )which are used in 


aes diagnosis as well as operative surgery y With a laser beam. 
G.R. 
& Double layer optical fiber, referred than single layer 


>To min the dissipation of light intensity. 
dec(Case Ne lose ck Nri Us sensit a 


2- Totally reflecting prism 


* Itis a glass prism of angles 45,45.and 90. 
* The critical angle Doreen glass and airi 42. 


| S It may change the aih of light rays by (90) or by (180). nlp 


oe may be used in a Serin) vg 
P D E. 


CC ° Binoculars. 
GR: 


e The reflecting prism is preferred to metallic mirrors. 
Because in the reflecting prism the reflection is 10076 also the metallic mirror 
may lose its lustre or its ability to reflect. 
bens 


"Preces 
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G.R.: 


e The face upon which light falls on the reflecting prism may be covered with a 
thin layer of material of refractive index less than that of glass such as cryolite 
(ALF;) or (MgF2) . l 
To minimize t the losses (dissipation) in light intensity when entering or coming 


from the prism. 


Trace the path of light ray and find angle of emergence (n= 1.5) . 
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Mob. 


Trace the path of light ray : 


!n=15 
b. = 42 
sin 
sinO 


ait 


medium 


sin. | 
- angle emergence 4839 .. 


angle emergence = zero 
sin 
sinO 


| 

| 

| 

i 

| 

| 

| 

| $4,242 

| air 

| medium 

| Ls Sind 

Pains SINIOE 
LérZeo o 

| $0.2 42 

| angle emergence = zero 


$c = 42 
angle emergence = zero 


Mention the scientific idea for : 


1- Optical fiber . 
2- Reflecting prism . 
3- Mirage. 


Sol. 


Critical angle and total internal reflection as $ > $c 
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Mention an application ( use ) : 


1- Optical fiber transporting light energy without much loses , endoscopes . 
2- Reflecting prism change path of light periscope in submarine binoculars . 


3- Cryolpte to minimize the dissipates of light intensity when light entering or 
coming out from the prism . 


4- Endoscope surgery operation with laser beam medical examination . 
3- Mirage : 


È It is a phenomenon produced Que to total / -M d RA uu MA “Observer 
internal re réflection)in h hot hot regions) __ MEC Uu et. 
<J Air nearer "to the surface..of..the. ground | 
Í becomes hot so its density decrease. Sb if 
e Light from the upper position of the object a : PR ) 
reaches the] person by the two paths. 


1) Ray í comes directly to his eyes. 


2) -The ray which. comes from the denser medium refracts away from the normal 
and its deviation increases till the angle of incidence from the denser layer to 
the less denser one is greater than the critical angle. Total reflection occurs 


and the eye sees the inverted image of the object at the extension of the 
reflected rays so it seems as if there is a pool of water. 


Deviation with triangular prism 

$, theangle of incidence. 
angle of refraction at the first surface. 
angle of incidence at the second surface . 
the angle of emergence. 


angle of deviation. 


ical of pum us apex J y refractive angle ) 


e" D " "3 TUM C 


From aua keom of the fig. A+ an eo ECT 
A +3 =180. 
04 thti 180. &oec 


+ 2 Qus bar X. WE. AQ) 
A e ð, * ha 
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=(1 - 01)+(02- $2) 


=, + 02 - (01 + d2 ) 
=o. + O.-A 


. a depend on refractive angle (A) and angle of incidence $4 


a 
a = ( 

a =o, - 0,4 82 - à; 
a 

a 


e it may be demonstrated practically that the angle of 
deviation decreases with an increase of the angle of 
incidence to minimum value then starts to increase 
again with increasing angle of incidence. 

e The position at which (a) is minimum is called 
(minimum deviation). 

e At minimum deviation 
dı = 022 Qo , 01 = Q2 = Oo 

e This state called symmetrical position. 


oc 


o 


Angle of deviation (a) : It is the acute angle inside the prism between the 


extensions of incident ray, and emergent ray. 
e The law of minimum deviation 
“a = d + 69-A 


V $i = 0, = do 
Qo z2 po - A 
Dé REA 


2579 


A220, 
s Oo z^p LS Le mr E 
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The dispersion of light by triangular prism at minimum divination 
position . SE 


bi Mc —— Ly 

e So when a beam of light falls on triangular 
prism adjusted in the minimum deviation 
position the emerged ray deviated into 
seven colored rays known as spectrum. 

e The violet ray has the biggest deviation 
(maximum n) and the red ray has the least Nolet 
deviation (min n). 


m mea ratane na an 


ett 


White light 


ana k 
A 
e The colors of spectrum of white light is red, orange , yellow , green, blue, indigo, 
and violet (ROYGBIV) 
e G.R. : Triangular prism disperses white light into seven colours at minimum 


ACHAEA MORON P mra rrr 


e Each colour has its own ( à ,n)so it must have its owr( (od, 


preteen teret ma sitem pen mn nei ett 


Laws triangular prism 


sette e 


it 


1) A 0, + $2 

2) a= $4 * 0; -A 

sing, sin 8, 

dj ie: co ee 
sin, sing, , — 

Notes a 


(a) ray falls normal: ~~ 


1 = 04 = zero (as rie "ac i 
o = sS 3 Go A OY oa x Qe 


(2)Ra emerges normal .—..... SAN oga AM, 
| $22 0;zzer0 — ( ^e 

; p teres fec i 

Po een ^ veer 
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: Gray emerges tangent ( coincide ) to surface ( parallel) 
| C 6, 29017 » ( $27 D D ; 
, Find smallest incident angle which makes the ray energy from the other side T 
bi = ?? ; 0; ="90 » d=, is l 


— 


e Minimum divination positive : 
1) $i = 0; = Qo 
2) 00 = 42 =O 
A= 0, + $2 


mrt saperne 


ao depends on ( n) 


Tracing the path of a ray through a glass triangular prism and 
verification the laws of refraction Through the prism. 


Equipment 
e Equilateral triangular prism - protractor, pins and ruler. 
Procedure: 


(1) Place the glass prism on a sheet of drawing paper and mark its position . 


s 
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(2) Fix two pins one of them close to one side and the other is about 10 cm 
from the first the line joining them (AB) represents incident ray . 

(3) Look at the side of the prism to see the two pins behind each other and fix 
two other pins (C) and (D) so that they appear to be in line with the two pins 
(A) and (B). 

(4) Remove the pins and the prism join (B) and (C). ` 

(5) Find the angle between the extensions of (AB) and (DC) (angle of deviation) 

(6) Measure the angle $;, 61, $2, 92. 

(7) Repeat the pervious steps several times by changing ($:) and tabulate the 
results. 


From the results 
Q= $i + 0; - 
HS 


n 


sin(2) 


The Thin Prism 


e A thin prism is a triangular prism having its angle (refractive angle (A) not more 
than a few degree: (Ax 10) 
e It can be consider always in a position of minimum deviation. Why ? 
Bec. It disperses white light into seven color at any position . 
oc, *À 
sin (—2———) 
sin 5? 


$ and are small sin 0? = 0'*? ( small angle ) 


yi 
in eat . Ko tA ( radian ) 
2 2 


/ 
sn = * ( radian ) 


+A 
or ae 
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A 
An = Qo +A 
An-A=a 
A(n-1)=a 


Op = A( n-1) 


So Qo depends on refractive index of its substance . 


Oy 


Dispersive power 


ə When white light falls on a (thin) prism, the light-disperses into its spectrum due 
to the variation of the refractive index and wavelength. 
(oo )= A (ny-1) mean deviation 
(Oto )-= A (n, -1) 
(ao )b =A (np -1) subtracting 
(o0); - (60), = A ( m - nj) 
The L, H .Sis the Angular dispersion 
it is this angle between the red and blue light in the spectrum. 
Or It is the difference between angle of deviation of blue and that of red . 


Note:- 


© (oo), is the average of (Qo); and (a), . 
e So (ny) is the average of (n,) and (ny) . 


Dispersive power (Oa) 
e itis the ratio between angular dispersion and mean deviation . 


= (So) “(Koh _ Nn, 


Q 
(oq )y n,-1 


a 


Note : 


= (xo), * (Xo), 
2 


(a), 


3 
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: | Questions Chapter (2): Light as as a wave 
Oe e a e — PNIS ERUPTI 
Essay questions 

e Explain why light is considered to be a wave motion. 


e Describe an experiment to demonstrate the interference of light. 


e Explain how mirage is formed. 


Define: 
The relative refractive index between two media. 


The absolute refractive index for a medium. 


The critical angle. 
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Complete: 
e The distance between two successive bright fringes is given by ss 


e Snell's law states that: tsi 


o The angle of deviation in a thin prism is given from relation: „nns 
ə The dispersive power iS: 1... ttis 


Choose the right answer: 
1) When light reflects: 


e The angle of incidence is less than the angle of reflection. 

«e The angle of incidence is greater than the angle of reflection. 
€) The angle of incidence is equal to the angle of reflection. 

e There is no right answer above. 


e When light refracts, the ratio ane Where 6 is the angle of incidence and 0 is the 


angle of refraction is: 
a) constant for the two media. b) variable for the two media. 
c) constant , greater than one. d) constant , less than one. 


'3) The ratio between the sine of the angle of incidence in the first medium to the 
sine of the angle of refraction in the second medium is known as: 
a) the absolute refractive index for the first medium. 
b) the absolute refractive index for the second medium. 
c) the relative refractive index from the second medium to the first medium. 
d) the relative refractive index from the first medium to the second medium. 
4) The refractive index n; is equal to: 
a) un b) n= e c) nin; sme 
n, n, sind, 
5) The refractive index for the material of a prism in the minimum deviation 
position is: 


H Oy + A : Oy + A i Qa + A 
sin Of, sin ‘a: an _ sin aH c sin ot 
a) n=— |) EROR E AS Os d) a - ——À 
sin A (s A Eu C QE 


Mr. Terak Hosny 


6) The minimum deviation angle in a thin prism is: 
a) à =n (A - 1) b) ao = A(n +1) 
c) & = n (A+1) d) ap = A(n—-1) 

7) The angle of incidence in a medium is 60° and the angle of refraction in the 
second medium is 30°. Then the relative refractive index from the first to the 
second medium is : 


a) /3 b) VZ c) ; d)2 


8) An incident ray at an angle 48.5° on one of the faces of a glass rectangular block 
(n 21.5) , the angle of refraction is: 
a)20* b)30° c)35° d)40° 

9) In an experiment it was found that the minimum angle of deviation is 48.2° 
Given that the angle of the prism is 58.8°, the refractive index of the material of 


the prism is: 
a) 1.5 b) 1.63 c) 1.85 d) */1.85 
10) If the critical angle for a medium to air is 45°, then the absolute refractive 
index is: . 
a) 1.64 b)2 c)1.7 d) J2 


11) A thin prism has an angle of 5°. Its refractive index is 1.6. It produces a 
minimum angle of deviation equal to: 
a)5° b) 6° c) 8° d) 3° 
12) A ray of light falls on a thin prism at an angle of deviation 4° and its apex angle 
8°, Its refractive index is: 
a) 1.5 b)1.4 c) 1.33 d)1.6 
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Questions for self — evaluation student's guide 
I" : Multiple choice questions: 
l- A thin prism of refractive index 1.5 and angle 4°, the angle of deviation equals: 
a) 4? b) 3? c) 2? d) 1° 
2- The angle of thin prism is 6 and the angle of deviation is 3 of an incident ray, 
the refractive index of such prism is: 
a) LS BLT || 946 C d) 1.5 
3- A light ray falls on the interface between two media at an angle of incidence of 
_ 60°. It refracts by an angle 45°. The relative refractive index between the first 
medium and second medium is: . | 
0244 5)17 (Qu |. 4)L5 
4- A light ray iranifers from a medium to air. If the critical angle Is 30°. So the 
absolute refractive index of such medium equals: 


45 l l 
a) T b) 2 c)2 | d) Z 


S- Knowing that absolute refractive index of benzene is 1.5 and relative refractive 
\.69 , „index of the. flint glass (1.65), then the relative "refractive index between 

ova" "benzene and flint glass equals: 

a) 0.91 (gii. c) 1.25 d) L5 


Lo & The relative refractive index between flint glass and benzene ge (According to 
Een the information given In the previous question) equals: 
V a) 1.65 b) 15 ` -ol :d) 0.91 


"SU 7- When a ray of light falls with an angle of incidence on a glass rectangle 60. If 


pure 


a1)90* b) 60° = e)30* d) 45° 


8- When a ray of light falls on the mirror A in a 
direction parallel to mirror B (as shown in 
figure) the reflected ray falls on the mirror B 
with an angel of incidence equals to: 

a) 90° b) 60° c) 30° d)0? 
EHE, 


9- In the previous figure the reflected beam on the mirror B fall once more on the 


mirror A with an angel of Incidence equals to: 
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, 10- If the ray of the light fails normally on one face. 
of a triangular prism of rcfractive index = L5, ; 
It emerges from the prism within emergence - 
angel equals to: 


` a) 90° b) 60° 


(or d) 30° 


11- If a ray of light (alls normally on one side of a 
glass triangle prism (45° - 90° - 45") as shown in 
the figure and if the refractive index of the 
prism is 1.5 the incident ray on the face 
corresponding to the right angle inside the 


prism will be: 
a) Emerge with an angle 45° b) Emerge with an angle 60° 
c) Emerge with an angle 90° ( d)be totally reflected 


12- In the previous figure of the refractive index of the prism is 1.414 the incident N es NUM l 
ray on the face corresponding to the right angel will: 

a) be totally reflected b) Emerge with an angle 60° ---- ---"- 

c) Fmerge with an angle 82° I) Emerge tangent lo this face 

13- A narrow parallel beam of light meets 
normal incidence. The angles of the 
prism being as marked in the diagram. 

If the critical angle of glass 42°, which 


of the following statements Is not iot true? 
a) The beam cross the air — glass boundary YZ without deviation. enY* © 
nM 


b) The angle of incidence at the face XY is 60 (St^ 3o 
¢) The beam undergoes total internal reflectionat the face XY i Oa Stn 
d) A beam emerges from the face XZ 2 


(G) the beam undergoés total internal reflection at the face XZ — 5/0 X: 0°75 


4 
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14- In one medium a wave has a frequency f, wavelength A, and speed c, the wave 


passes from this medium into another, where its speed Ses In the second 
—— MÀ 3 


medium the: 
a) Frequency is still t and the wavelength is stell 4, 


) Frequency is E fj and the — is zy 
3 


ME —— — 
= m. —— aa mMÓ— 


c) Frequency is still fy and the Minor is stell MEN 
d) Wavelength is stil A, but the frequency is =f 


Le) Wavelength is still 2, but the frequency is af 


15- A student was asked to find the critical angle for glass by plotting rays of light 
through a semicircular glass block. Which of the dlagrams below correctly 


shows the critical nen marked as 0 
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lé- A glass block shown rests on a small spot 
of luminous point, P, five rays of fight 
from P are labled A, B, C, D and E. 
Which of the rays cannot possibly follow 


the path shown? (SN 


17- Light from X strikes a glass surface at Y. 
Which of the paths A, B, C, D or E is the 
light most likely to allow after catering 


18- The diagram shows 2 narrow, parallel beam of lights incident at 42 on a 


rectangular glass block of refractive Index 1.5. 
1. After entering face WX, the light energy will: 
1) Be absorbed in the block 
b) Be internally reflected at face ZY w 
€) Leave the block through face ZY 
d) Leave the block through face XY 
€) Leave the block face WZ 
2. The angle of reffection in the block is given by: 
j b)4PxLS . Qin 


d) The angle whose stn: is ee 
vy - 


1.5 
sin 42° 


The image formed by an object In a plane mirror can never be: 
« image f y | 7 never: 


€) The angle whose sign is 


a)teal ON, x X b) erect ^ 
c) The same Size as the object x d) usn is 
e) As for behind the mirro? as the object in front oft 


Mr. Tarek Hosny 


53 


"S 
aoe I 7780 


Group two: 


(*) The. following figure represent five difforent ways of | 
directing a narrow parallel beam of white light on to a (45°- 90° 


- 45°) triangular glass prism. 


Which would you use to: 
1. deviate the bear through 90°( e 
2. make the beam emerge from the face which is entered initially (€) 
3. make the beam undergo internal reflection twice (6) 


2*4 : Essay question: 


(e N: pu 3 
1- Give reasons for the following: nT d NUSS E ue: "ma 


a) The absolute refractive index of light for any medium is greater than unity. 


b) The reflecting prism is preferred to planc reflecting mirror in some optica] 


YS E \ eo \ e d U qh Y wor, Mw vA 
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c) In young's double slit experiment the interference becomes more clearly as 
the distance between the two slits decreases — 7 37 AM t x is P oL (3 


d) The prism disperses white light to its seven c colors - É 
2 eikako reae o xs DN) So Mist as: a owt Od, 
€) The relative Bom infer bobveet two media may be less than unity 


f) The optical fibers are us used to see places which cannot be seen easily 
8) The occurrence of mirage in deserts sede Nee noN X eCVeolt an as Q ? YD o 


a tees ar so mm one T 


) As the light. ray passes trough a a narrow — slit, there aro interference 


fringes (bright and dark) ona whio. screen placed at a imeem See 


j} The red color has the minimum deviatin while the violet light has maximum 
yed oS smollesk Ww and Lavoe St X 


Nolet hes lovyest R ond So oe she "^ 


deviation in the prism 


2- What is meant by ? 
a) The absolute refractive index of water = 4/3 
b) The absolute refractive index of glass = 3/2 
€) The relative refractive index from water to glass * 9/8 
d) Angular dispersion in thin prism = 0.2 
¢) The dispersive power in triangular prism = 0.02 
f) The angle of deviation in tringular prism = 30 
8) The critical angle between glass and air = 42° C. 5? ist e E Cote Pentia tf 
3- What is different between the critical angle and the angle of deis ii prism? ES ae. BE eos 
4- What is meant by optical fibers? And what are their applications? Q^ AY 2%, 
5- Explain by drawing the passage of light within the optical fibers? 
6- Explain young’s double slit experiment, how can you detrermine the distance 
between two similar fringes? 
7- Explain why light is dispersed in the prism? 
8- Show how the mirage in deserts occurs. 


9- Prove the following laws for triangular prism 
A 8, +, a= {$ +0,)-A 


2M e ined 


10- Mention what do you know about the totally reflecting prism? 


11- Trace the path of a light ray incident on a triangular prism with acute angle. 
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12- Show with drawing what happens to light ray incident on a right angle prism 

with the sides of the right angle equal, In the following cases (the critica! angel 

between the prism and air = 42°, 
a) The incident angle of the light ray equals zero on one side of the right angle. 
b) The incident ray is normal to the side corresponding to the right angle. 

Follow the ray until emerges from the prism 

13- Prove that the deviation angle in the thin PAN pim can be determined from 

the relation: a = A(n = 1). 

14- Find the relation which we can use to calculate the despressive power. 

15- What is the function of each of the following: 

a) Reflecting layer in the reflecting prim. 

b) The reflecting prism 

c) The double slit in the young’s experiment 

16- You have a glass equilateral triangular prism. Expalin how you can trace the path 

of a light ray inside the prism experimentally. Show on your drawing the angle of 

the prism, the angel of the incidence, the angle of the emergence and the angle of 

deviation, Write down the mathematical relation between these angles. ` 

17- Mention one use only for each of the following: 

a) The right angled prism 

b) The equilateral triangular prism 

C) The thin prism 

d) The optical fibers 

3" : Problems: 

1- If the refractive indices of water and glass are 1.4 and 1.6 respectively, the 

velocity of light in air (space) is 3 x 10° m/sec. Calculate: 

a) The velocity of light in glass 

b) The critical angle for water relative to air. 

c) The relative refractive index between glass and water 

2- A light ray falls in the interface between water and air by an angle 45°. Determine 

the direction of the reflecting and refracting rays, knowing that the refractive index 


of water = 1.4. 
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YA light ray falls on a triangular prism by an angle 60°. 60°. It emerges by an angle 30°. if 

the refractive index of such prism is 1.6, find the refr the refractive angle of the prism. 
"n A light ray falls normal to one side ofa; prism and emerges tangent to the other side, 
lf the taces Galea of ts such index i is i di; find the refractive angle of the prism. 

$- A thin prism of angle T and of refractive incidence 1Slfor red and 11.53 for Al a (3 oI 
blue colors calculate: c NC b -\) = e (\. pa. to = 3 : n | = «63 

a) The angle of deviation fof both 18d dad bloe co IBSEN) = 5.1 | 
b) The desperssive angular size of such prism o-r = 97907 sed 
e) The deapeasve power of wach prism Oo SOE LOU SF [o 

6- A light ray falls normal to one side of tringular prism eu saji emérges e 7 26 
tangent to to the i other ide, side, le, determine the refractive index of the: 

7- A ny falis on a prism whose angle i is 45*, ds 45°, the. angle of incidence is 60, t the ray 
emerges | normal to the other side of the: pri the: prism, find the refractive index of the 

pm W o. 

8- If the angle of minimum deviation is 30" 30" for a triangular prism whose sides are 
equal for a ray; find the refractive index of of the prism, incidence angle and emergent 
angle of the ray in this case. 

$- Two mirrors x and y are fixed such that 
angle between their reflecting surface is 
45°. A light ray ab is incident on x, finds 
the angle of the incidence of the ray . 
reflected from x and is incident on y, with drawing. Determine the direction of the 
reflected ray at the mirror y, comment on the final result. 

10- As shown in the figure; A ray ab falls on 
a mirror (x), Find the angle of reflection 
at the mirror (y) completes the drawing. 
Determine the direction of the reflected 
ray at the mirror Y, comment on the final 
result, 


em 
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11- A ray falls on a mirror (x) as shown in 
the figure find the angle of reflection at 
the mirror (y) complete the drawing. 
Determine the direction of the reflected 


ray at the mirror y, comment on the final 
result. 


12- Using a monochromatic light in young's double slit experiment if the distance 
separating jhe two slits is 1fnm and the distance between the double slits and | the 


screen is | m and the distance between the successive illuminated fringes is T 


X = C». o 3 
mm. Calculate the wavelength of the light used, ^ ux een : Kye 


13- Calculate the frequency of the used light in yourg's experiment, if the distance 
separating the two slits is 0.00015 m and the distance between the double stits and 
the screen is 0.75 m and the distance between two successive illuminated fringes is 
0.002 m. Give illuminated the velocity of light = 3x10" m/sec. 


14- A light ray falls from air e one face of a triangular pees "ds: angle is 72". 
It is refacted by an angle ° and emerges tangen to the other face. Pind: 
a) The critical angle between glass and air. (mri Lo YN ET 
b) The refractive index of the prism material OP? eM «vá 
c) The sine of the first angle of incidence. ^= ` aR 
15- A light ray is incident perpendicular to one “aN 8 
side of a triangular prism of refractive index 
1.5 as shown in fig. Trace the path of the 
light ray inside the prism, then find its angle 
of emergence from the prism, = 
16- In a young's double slit experiment, the fringe separation observed using 
green light was found to be 0.275 mm the green lamp, giving a wavelength of 
ssonm,is replaced by anotey/onegiving wavelength 400 nm in the violet and 
600 nm In the red the remainder of the apparatus is undisturbed. Calculate: 


Vs 9 


PIA 


a) The distance between the fringes formed by the violet light. 


b) The distance between the fringes formed by the red light 


` 
wn (a 


a f 


M. 


| 
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17- The opposite figure represents the relation E 


between the incident angle $, and the angle 
of deviation o of light ray falling on one face 
of the triangular prism. Using the values g 


shown in the fig. To calculate: 
4) The emergence angle of the ray Ht: x 
b) The refractive angle of the prism 


c) The refractive index of the prism 


18- The refractive index of a certain glass has a value 
of 1.67 for blue light of wavelength 450 nm and a 
value of 1.64 for red light of wavelength 700 nm. 
An equilateral prism is made from this glass, and 
a beam of white light is incident on a face of the 
prism at an angle of 45°. Find the angles at which 
blue light and red emerge from the opposite side 
of the prism. 

4- Miscellaneous Questions: 

1- Find the critical angle for light traveling from water (n91.333) into ice (n71.309). 

2- Which of the following describe places where a mirage is likely to appear ? 

a) above a warm lake on a warmday 

b) above an asphalt road on a hot day 

€) above the slope on a cold day 

d) above the sand on a beach on a hot day 
€) above a black car on a sunny day 

3- When white light passes through a prism which will be bent more, the red or green 
light? 

4- After a storm, a man walks out onto his porch. Looking to the east, he sees 2 
rainbow that has formed above his neighbor's house, What time of day is it, 
morning or evening? | 
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Unit 2 : fluid mechanics properties of matter | 


Chapter (4) : Characteristics of Liquids In Motion | 


BREUI 


There are two kinds of flow: 

(I) Turbulent flow. 

(Il) Steady flow. 

(I) Turbulent flow 

It occurs when-the velocity of liquid flow exceeds a definite limited value it is 

characterized by small eddy circles. (vortices) 

(II) Steady flow. (laminar flow) (stream line flow) 

* It occurs when the fluid moves such that its neighboring layers slide in smooth 
and ease. 

e It is characterized by the fact that each particle of the fluid follows a smooth 
path called stream line. 

Stream line: 
It is the path which is followed by a particle of the fluid. 

Properties of streamlines: 

1. They do not intersect (parallel). 

2. The tangent at any point of a stream line gives the direction of the 

instantaneous velocity. 
3. They come closer together when the speed of the liquid is high and far a part 


when the speed is low. 
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Conditions of stream line flow (steady flow) 


1. The liquid fills the tube completely. 


2. The quantity of the liquid entering the tube equal the quantity of liquid coming 


out from the other end in the same time. 


3. The velocity of fluid flow at any point in the tube does not change with time. 


4. Irrotational ( No vortices ) 
5. The rate of flow is constant along its path. 
6. If there is no friction between layers of liquid the flow is non viscous . 
The volume flow rate of a liquid (Q), 
The volume of the fluid flowing through a certain area per unit time =Av 
A = area, v = distance covered by the fluid per unit time. 
.'. The volume flow rate = A.v = Q 
* The volume flow rate in time: 
(T) second = Q, x T= V4 
Vor = Q,T = AVT. 
* Mass flow rate (Qm) 
It is the mass of the flowing fluid through a certain area per unit time. 
[ the volume of the fluid flowing per unit time X p density of fluid ] 
Qn =Q,x p= Avp 
The mass of the fluid flowing through a time (T) M =AvpT. 
What is meant by: 
1. The flow rate of a liquid = 10° m?/sec . 
The volume of the liquid flowing a certain area per unit time = 10? m’, 
2. Flow rate of a liquid = 2 kg/sec . 


the mass of the liquid flowing a certain area per unit time = 2kg. 
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Density of stream lines [The rate of flow of a liquid at a point ] It is measured 


PRESS 


by the number of stream lines passing perpendicular through a unit area at that 
point. 
Equation of Continuity 


e A,and A; are two areas -L to the stream lines at points (a,b). 


e V, is the velocity of liquid at (a) and V, is its velocity at (b). 
at (x) 

Q, =Aiv1 

Mass flow rate (Qm) = A.vip 
at (y) 

Q, =A2V2. 

Mass flow rate (Qm) = A2V2 p 


-- the rate of flow is constant [steady flow] 


AVP = Aj; p 


*» 
* 
* 
Ò 
® 
* 
®© 
» 
+ 
» 
re, 
= 
z- 
- 


AV = Aw? 


Conclusions: 
e The velocity of the liquid at any point in the tube- is. inversely proportional with 


the cross section of the tube. ( continuity Equation ) 


Yv AL RE DE 
Vi A, R; D; 


* V at any point is directly proportional with ( the number of stream lines. Passing 


normally through unit area surrounding this point ) . 


( - Density of stream lines ) (- Density of flow ) 
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Or AV4, = AV, 


2. A14 = N Av: 


roblems: 


N : Number of Equal Branches 


3. Avı = A2v2 + A3V3+ Aug, + 


G.R 


1. The cross sectional area of the total capillaries is greater than that of the aorta 


so blood flows in the capillaries with slow velocity according to continvity 


equation[ Va n ] to allow the exchange of gases and food between blood and 


the cells. 


2. The pipes of firemen have pointed ends 


to increase the speed of ejected water so water can reach far distance. 


According to continuity equation [V a ~] 
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Viscosity 
It is the property which is responsible for resisting the liquid layers motion and 
resisting the motion of bodies through fluid due to friction between them. 


Exp: alcohol glycerin 


Prepare the fig y Yi 
Obs: ui 


The stream velocity: 

Of alcohol is higher than that of glycerin. 

Exp: 

Stirring the liquids. 

Obs: 

The rod moves in water more easier than in honey. Water resistance to the 
motion of glass rod is less than honey resistance. 

Exp: 

When you taking off rods. 


Obs: 


The motion of honey stops through a very short period of time. 
Exp: 
Prepare the fig 
Obs: 


water glycerin 


(1) (2) 


The time taken by the metallic ball to arrive the bottom of measuring cylinder in 
(1) is less than in (2). 

Accordingly we can conclude the following: 

1. The ability of some liquids as H20 and Alcohol to flow is large and its resistance 


to body motion is small. 
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2. Other liquids as honey and glycerin have low ability to flow and they have high 


resistance to body motion. 

Explanation of concept of viscosity 

1. Let us imagine a layer of a fluid confined 
between two parallel plates one of them at rest 
and the other moves with velocity (V). 


2. Let the fluid consists of thin layers. The velocity 


of the lower layer in contact with the fixed 
plate is zero while that of the upper layer which in contact with the moving 


plates is (V). the velocity of liquid layers increases from zero to v as we move up 


this is attributed. 

a. The frictional force between the lower plate and the liquid layer in contact 
with it due to adhesive forces. This leads to a zero velocity of the layer in 
contact with the rest plate. Due to the same reason the upper layer moves 
with the same velocity of the upper plate. 


b. There is a force similar to frictional force between two different layers of liq. 


Producing relative change in velocity between any two adjacent layers. 
Coefficient of Viscosity 
From the previous (fig) we find that in order to keep the plate moving with 
constant velocity (v) a force (F) is required which depends on: 
1. The area of moving plate (A) (FaA). 


2. The velocity of the moving layer (Fa v) 
3. The distance (d) Between the two plates Fas 


Fa DX. 
d 
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unit N.S/m? = kgm'S” = Pascal. S. 
*D.F.:ML"T* 


The Coefficient of Viscosity: 


It is the tangential force acting on unit area to produce change in velocit 


i 
i Pienso 


l 


1 


ntwo liquid layers the normal distance between them is 1 m. 


What is meant by: 7, 23x 10? kg m'S?? 


Applications of the viscosity 
(I) Lubrication: 
G.R. (1) Machines must be lubricated from time to time using oil of high viscosity 
and high adhesive forces. 
1. To reduce the quantity of heat generated by friction. 
2. Protecting the machine parts from wearing out. 
(2) Water can not be used in lubrication. 
Because it has small adhesive forces so it will flow rapidly from the machine during 
motion also it has low viscosity and evaporate easily . 
Low viscosity 
(I) Reducing the consumption of fuel in moving cars : 


1- In case of relatively small or intermediate speeds the air resistance affecting the 
moving bodies (as a result of air viscosity) is directly proportional to the velocity 


of the moving bodies. | 
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2- 


3- 


When the speed of car increases than a certain value. The air resistance is 


proportional to the square of the velocity so the consumption of fuel increases 
with increasing the velocity-more than this limit (air resistance o v?) 
G.R.: The expert driver should decrease the velocity to economize the fuel 


consumption. 


R air due to viscosity a N V small and inter mediate speed 


V^ high speed 


(II) Sedimentation rate test in medicine : 


ds 


The final speed of falling red blood corpuscles through plasma is directly 
proportional with r° where (r) is the radius of blood corpuscles 


var’ 


. Doctors know if the volume of red corpuscles is normal or not through the 


measurement of sedimentation rate. 


. In some diseases like rheumatic fever rheumatic heart and gout the red blood 


corpuscles adhere so their volume increases and the sedimentation rate 


increases. 


. In case of anemia the red corpuscles are broken so their volume decreases and 


the sedimentation rate decreases below its normal level. 


. When the R.B.C; falls through the plasma they are affected by three forces: 
. its weight (acts downwards) J 
. F, (buoyant force) (acts upward) T 


. friction force with the plasma due to viscosity 


from the resultant force it is found that the final speed of falling R.B.G; increases 


with the increasing radius. 
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Unit 2 : fluid mechanics properties of matter 


Questions Chapter (4) : Characteristics of Liquids In Motion 
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Define 


1) fluid 


Essay questions 
1) Prove that the velocity of a liquid at any point in a tube is inversely proportional 


to , the cross sectional area of the tube at that point. 
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Problems : 


1- Water flows in a horizontal hose at a rate of 0.002 m/s, calculate the velocity of 


the water in a pipe of cross sectional area 1cm?. (20 m/s) 


2- Water flows in a rubber hose of diameter 1.2cm with velocity 3m/s. Calculate 


the diameter of the hose if the velocity of the emerging water is 27m/s. (0.4cm) 
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3- A main artery of radius 0.035 cm branches out to 80 capillaries of radius 0.1mm. 


if the velocity of blood through the artery is 0.044 m/s ,what is the velocity of 


blood in each of the capillaries? (0.0067m/s) 


E ———m—R—————RR——RRRR———————Á— EDS 


4- The cross sectional area of a tube at point A is 10 cm? and at point B is 2cm?, e 


velocity of water at A is 12 m/s, what is the velocity at B ? ( 60m/s) 


5. The cross sectional area of a water pipe at the ground floor is 4 x 10^m? The 
velocity of the water is 2 m/s. When the pipe tapers to a cross sectional area of 
2 X 10^m! at the end, calculate the velocity of the flow of water at the upper 


floor. (4m/s) 


ElAzhar93: 


What are the conditions of steady flow? 
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G.R.: Presence of narrow constriction at the ends of the pipes used by firemen. 


Egypt 97: 
G.R.: in the steady flow the liq will flow very slowly when the cross sectional area 


is large and. quickly if it is small. 
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Examinations Problems 

* Egypt89: — 

Water flows in a pipe of diameter 2 cm at an average speed 10 m/s what is the 
rate of flow in m?/min? then find the required time to fill a tank of volume 20 m? 


completely with water. (Q, = 3.14x10-?m?/s , V= 0.188 m 10^ min) 


*Egypt 92: 
A tube provides a field with water its cross sectional area is 4 cm? the velocity of 
water is 10m/s, the end of the tube is closed and contains 100 holes each of area | 


mm! find the velocity of flow from every hole . 
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> ELAzharl992: 
Prove that the velocity of flow of a fluid at any point in the tube is inversely 


proportional to the cross sectional area of the tube at that point. 


Egypt 93: 

A water pipe entering a home. Its diameter is 1.5 cm and the speed of water is 0.2 
m/s eventually the diameter becomes 0.5 cm. Find: 

1. The speed of water at narrow position ( V = 1.8 » 


2. The amount of water that flows per min across the tube. 
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Questions for the self — evaluation student's guide 
First: Multiple choice questions: [ Dy NAC F Lu 4 
Group One: . 
Select the most correct answer: 
1- The velocity of fluid is inversely proportional to the cross —, sectional area of the 
tube through which it flows. This statement relates to; 
a) The rate of flow of liquid 
b) Pascal's principle 
c) The continuity equation 
d) Archimedes's principle 
2- The tangential force acting on a unit of a liquid surface and producing a unit change 
in velocity of two liquid layers at a unit normal distant a patt from each other, this 
expresses: 
a) The pressure 
b) The Pascal's principle 
c) The coefficient of viscosity 
d) Archimedes's principle 
3- The number of streamlines of a liquid passing normal to unit area surrounding point 
iss o. : | : 
. a) Continuity equation e) density of 5freem li 
b) Liquid rate of mass flow 
c) The principle stream lines 
d) The velocity of flow at the point 
4- The unit of the coefficient of viscosity ofa liquid is: 
a) Kg. m S"! b) Kg .n' $^ c) Kg .m“S d) Kg.m*S"! 
S$- (Pascal . Second) is equivalent to the unit of: 
a) The pressure b) Rate if liquid flow 
c) The liquid rate of mass of flow 
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d) The coefficient of viscosity of liquid 
6- (Newton . Second. m ?) is the equivalent to the unit of: 
a) The pressure .. b) The Rate of flow of liquid 
c) The coefficient of viscosity of liquid 
d) The liquid rate of mass of flow — 
7- At higher velocities of z car, the air resistance due to its velocity is directly 
proportional to: 
4) The velocity of the car 
b) I / the velocity of the car 
€) The square of the velocity of the car 
d) 1 / square of the velocity of the car 
8- The liquid resistance to the motion of bodies in it is: 
&) Density of liquid b) Viscosity 
c) The pressure inside a liquid d) The transfer of liquids 
9- Oil used for lubricating the movable parts of a machine has: 
a) High ability of flow 
b) Moderate ability of flow 
.C) Low ability of flow 
d) Very low viscosity 
10- The unit of measuring the liquid mass flowing through the tube per unit time: 
a) ms b) Kg c) Kg/s d) m! 
11- If the velocity of water in a tube of intemal diameter l.4cm is 4 dis, the rate of the 
water flow is: 


a) 6.16 x 10° m/s b) 6.16 x 10% m! 
€) 6.16 x 107 mis d) 0.0068 m'/s 
Group Two: 


The questions in this section are classified in group. Each group consists of five 
Statement (a, b, c, d and c) followed by a list if questions. Select the most 
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suitable statement as an answer for each question. Each statement may be used 


once or more or not to be used at all. 
Question 1 — 3: 
There are five physical quantities: 

a) Cubic meter per second 

b) Kg / second 

c) N/m? 

d) Joule / m? 

e) Kgs"! 
Which of these quantities is used as a unit of? 

1. The coefficient of viscosity of a liquid 

2. The rate of mass flow of a liquid. 


3. The volume of a liquid flows per unit time 


Second: Essay questions:. 
1- what is meant by each of the following 
1) The rate of volume flow 
2) The rate of mass flow 
3)The coefficient of viscosity of a liquid 
4) The viscosity 
5) The steady flow 
6) The turbulent flow 
2-Given reasons of each of the following: f 
1) Oils of high viscosity are used in lubricating the moving metallic parts of the 
machines. — ; 
2) It is possible for a doctor to diagnose some diseases through out the measurement of 
the blood sedimentation rate. 
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3) The well expert driver do not increase the car speed more than a certain limit to 


economize the fuel consumption.. 

4) From God gifts the total Cross ~ sectional area of the blood capillaries is larger than 
the cross — sectional area of the major artery. 

5) When the viscosity of a fluid increases, its resistance to a solid body motion through 
it increases. 

6) The sedimentation (precipitation) rate of blood in case of rheumatic fever increases 
while in case of anemia it decreases. 

7) The momentum of a body moving in a fluid decreases 

8) Water cannot be used as a lubricant material 


3-write the scientific term for each of the following: 
1) The tangential force acting on unit area to produce a unit change in 
velocity between two liquid layers at unit distance apart from each other 
2) The rate of volume flow of a liquid 
3) The rate of mass flow of a liquid 
: 4) The velocity of a fluid at a point is inversely proportional to the 
cross sectional area at this point V & 1/A 


5) It is the property that the fluid resists the movement of its layers It . 
prevents the sliding of layer above each other. 


Third: Miscellaneous questions: 

1. What does this mean? the coefficient of viscosity of a liquid = 0.04 N.s.m ^. 

2. What is meant by the sedimentation rate of blood? And how it is used to diagnose 
some diseases? | l 

3. What are the conditions necessary for a steady flow of a liquid through a tube? 
Then prove that the velocity of low at a given point inside the tube is inversely 
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“proportional to the cross - sectional area of the tube is inversely proportional to the 


cross — sectional area of the tube al that point. 
4. Show how the viscosity of a liquid affects each of the following. The liquid flow in 
a tube - the motion of a solid body in the liquid. 
5. What is meant by each of the following? 
* Steady (or laminar) flow 
* Streamline 
* Continuity equation 
6. What are the factors affecting the frictional force between two layers of a liquid in 
motion the relation between these factors? i 
7. What are the applications of viscosity? 


Fourth: Problems: 


1. A water pipe supplies a house with water. If its radius is 1.5cm and the speed of 


water flow in it is 0.2 mvs, calculate the speed of water at the end of this pipe where 
its radius becomes 0.5cm and hence calculate the volume of water flowing in one 
minute. 
2. In the figure shown, the radius of the tube at 
z25cm, at D = 15cm, at B=l0cm and C=8cm. 
Calculate the rate of the volume flow at A if 
water enters the tube at A by a velocity = 2 m/s. 
Then 
calculate the speed of flow at C and D if the speed of. flow at B = 4 m/s 
3. A major artery of diametzz 0.5cm is divided into 100 capillaries, the radius of each 
is 0.1cm, calculate the speed of blood in each capillary knowing that the speed of 
blood in the major artery is 0.04 nvs. 
4. Water flows in a rubber pipe of diameter lcm with a speed 4 m/s. Find the 
diameter of the pipe outlet if the water comes out with a speed of 24 m/s. 
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5. Gasoline flows in a pipe of a diameter 2cm with a velocity 5 m/s. Find the rate of 
flow and calculate the time in minute required to fill a reservoir of volume 20m? 
with gasoline. 

6. Water flows through a tube of diameter 3em with velocity 2 nvs, calculate the 
water volume flowing in one minute. 

7. Calculate the cross — sectional area of the opening of a tube that pumps oil with a 
rate of 18 liter per minute if the velccity of flow is 3 m/s. 

8. An oil is pushed with a rate of 6 liter per minute through a pipe attached to another 
pipe from which the oil goes out with a velocity of 4 m/s. Calculate the cross ~ 
sectional area second pipe. 


9, Water flow in a tube of a cross — sectional arca 12cm? with velocity 10m/s calculate 


is velocity at a point at which the cross ~ sectional arca.of the tube becomes 4cm’, 
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